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TITLE OF THE INVENTION 

Heating Resistor Type Air Flow Measuring Apparatus 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an air flow meter for measuring the 

intake air flow rate to an internal combustion engine, especially, a heating 
resistor type air flow rate measuring apparatus for measuring the air flow rate 
in the condition accompanied with a backward flow in a pulsating flow. 

[0002] The air flow in an internal combustion engine is pulsated by a 

continuous make and break operation of the intake air valve. The pulsation is so 
amplified by the effect of the columnar vibration in the intake air duct , and the 
air flow inside the intake air pipe becomes a backward flow in specific conditions 
related to the number of rotations of the engine and the aperture of the throttle 
valve. This backward flow brings about various bad effects in the heating resistor 
type air flow rate measuring apparatus. As for an apparatus for solving this 
problem, a prior art apparatus disclosed in Japanese Patent Application 
Laid-Open No. 1-206223 (1989) is known as an air passage structure having a 
sub air duct shaped in a letter I (or L) which is used as a means for increasing 
the accuracy of the measurement of the heating resistor type air flow rate 
measuring apparatus operated under a condition where a backward flow occurs 
with a pulsating flow. In this prior art device, the air passage is so configured 
that the backward flow directly blows against the heating resistor by forming a 
wall facing against the backward flow. 



[0003] As for another apparatus for reducing the bad effect of the 

backward flow, a prior art device is disclosed in Japanese Patent Application 
Laid-Open No. 62-812 (1987). In this prior art device, similarly to the present 
invention, by detecting the direction of the air flow using the thermal 
interference between a couple of heating resistors, the output voltage signals 
from the heating resistors are altered by judging the direction of the air flow; 
when the air flow is a forward flow, the output voltage to be used is selected from 
the output voltage signal of the heating resistor for the forward flow; when the 
air flow is a backward flow, the output voltage signal from the heating resistor 
for the backward flow is selected. 

[0004] In general, it is difficult to measure the direction of the air flow, 

forward or backward, selectively only by using a single heating resistor. In order 
to solve this problem, for example, as shown in FIG. 10, in observing the average 
output of the heating resistor type air flow rate measuring apparatus by varying 
the boost pressure by making the throttle valve gradually open while the number 
of rotations of the engine is maintained to be constant, the average output of the 
air flow rate increases linearly as the intake negative pressure increases under a 
certain threshold value, and for the boost pressure above a certain threshold 
value, the average output of the air flow rate is estimated to be larger than the 
actual air flow rate (which is designated as an over-shooting phenomena). 
Though the pulsation in the air flow rate in the heating resistor type air flow 
rate measuring apparatus is relatively small when the throttle valve opens with 
a small aperture, the amplitude of the pulsation in the air flow rate increases as 
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the throttle valve gets to open, and finally, at a throttle valve angle larger than a 
certain angle (about 30 to 50°) (in the right region of A in FIG. 10) , the pulsation 
amplitude contains the backward flow component. Thus, when the backward 
flow occurs, as the heating resistor can not discriminate the direction of the air 
flow whether forward or backward as described above, the average output of the 
air flow rate is estimated with the forward flow component as well as the 
backward flow component, and thus takes on larger values. 

[0005] By means of forming a wall against the direction of the backward 

flow as described above for the prior art, and making he air passage structure so 
that the backward flow may not low directly against the heating resistor, it is 
possible to reduce the estimation error for the average output. However, the 
reduced error with this means is only half of the overall error. This is because the 
amount of forward flow increases as the amount of backward flow increases. 
Thus, in order to reduce the estimation error due to the backward flow, it is 
necessary to reduce the output value of the forward flow when the backward flow 
occurs or subtract the backward flow component from the forward flow 
component as well as the measurement of the forward flow component. There is 
a prior art apparatus related to this solution in which, in case the backward flow 
is observed by detecting the direction of the air flow by comparing the output 
signals from those two heating resistors using a couple of heating resistors as 
disclosed in the other prior art described above, the backward flow component is 
subtracted from the forward flow component. This method has yet another 
problem. One is related to the reduction of resolution in supplying data to the 
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micro computer. DC voltage handled by many micro computers used for general 
automotive applications is between 0 and 5.12 (V). However, in this method 
where both the forward flow and the backward flow have a similar relationship 
between the air flow rate and the output voltage, the resolution of the forward 
flow is reduced. In an extreme case, the threshold voltage 2.56(V) is used and the 
range below 2.56(V) is for the range of the output voltage for the backward flow 
and the range over 2.56(V) is for the range of the output voltage for the forward 
flow. Thus, the resolution of the output voltage for the forward flow in this case 
is half of the resolution when the entire range between 0 and 2.56(V) can be used 
for the forward flow. Though the threshold voltage 2.56(V) in this case is a 
somewhat extreme case, the resolution for the forward flow is reduced because 
the threshold voltage should be determined between 1(V) and 2(V) in order to 
measure the backward flow precisely. 

[0006] If the heating resistor has a thermal response delay, the detection of 

the backward flow is delayed when comparing the output signals from the 
heating resistors. This detection delay has an effect on the measurement 
precision. This can be illustrated with Figs. 11A and 11B; when the backward 
flow begins to rise up at point B in Fig. 11 A, the output signal level of the 
backward flow does not exceed the output signal level of the forward flow, and 
therefore, the existence of the backward flow is not proved until the output signal 
level of the backward flow reaches point C; thus, the detection of the backward 
flow is so delayed. 
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[0007] Further, as disclosed in Japanese Patent Application Laid-Open No. 

62-812 (1987), the conventional apparatus determines a direction of air flow by 
using two heating resistors and produces an output signal by using either one of 
the detection signals. A noise component produced due to the mutual 
interference between the two heating resistors and included in the output signal 
is moderated by attenuating the alternating current component. 

[0008] However, because the output signal is attenuated in the prior art 

apparatus, there is the problem that the delay of detection becomes large at the 
time when the air flow is inverted and thus the precision of the measurement 
deteriorates. 

SUMMARY OF THE INVENTION 

[0009] Therefore, a first object of the present invention is to increase the 

precision of the measurement of the air flow rate in the pulsated flow 
accompanying with the backward flow in a practical on-board environment, 
which is one of the major problems in the above described heating resistor type 
air flow rate measuring apparatus, and to provide a heating resistor type air flow 
rate measuring apparatus which has advantages in ease of handling, reliability 
and cost. 
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[0010] A second object of the present invention is to provide an improved 

heating resistor type air flow rate measuring apparatus which can reduce the 
above-mentioned noise, thus maintaining the precision of measurement. 

[0011] In order to solve the above-described first problem, a couple of 

heating resistors are placed at positions which interfere with the air flow with 
respect to thermal properties, and if the air flow is a forward flow, the output 
signal from the sensor is corrected by the electronic circuit so that the output 
signal for the forward flow may be equal to the output signal for the backward 
flow, but if the air flow is a backward flow, the difference between the output 
signal for the forward flow and the output signal for the backward flow is so 
adjusted as to be larger. In addition, the larger one of the output signals from 
those two heating resistors is so adjusted as to be equalized to be the lower one, 
and if the air flow is a backward flow, by reducing the output signal of the 
heating resistor for the forward flow, the overall average value of the output 
signals is thus so adjusted as to be lowered. In this method, the difference 
between the output signal for the forward flow and the output signal for the 
backward flow which occurs only when the air flow is a backward flow is used as 
the correction value. With this method, the switching operation of the output 
signals for the forward flow and the backward flow by using the switching circuit 
can be eliminated. And furthermore, the threshold value for separating the 
forward flow and the backward flow is not required and the output voltage used 
for the heating resistor type air flow rate measuring apparatus can be varied 
between 0 and 5.12(V), and therefore, a higher resolution for the output signal 
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can be established when the air flow is a forward flow. As the difference between 
the output signal from the heating resistor for the forward flow and the output 
signal from the heating resistor for the backward flow necessarily arises when 
the air flow is a backward flow even if the heating resistors have a thermal 
response delay, the detection and judgment of the backward flow can be 
performed precisely. 

[0012] Further, the preferable apparatus for attaining the above-described 

second object is as follows. 

[0013] A heating resistor type air flow rate measuring apparatus is 

provided in which a forward flow detection signal is detected from a heating 
current necessary to heat to the predetermined temperature a forward flow 
heating resistor installed in an air passage, and a backward flow detection signal 
is detected from a heating current necessary to heat a backward flow heating 
resistor installed in the air passage to the predetermined temperature. The 
apparatus comprises: 

[0014] a cancelling means for cancelling a differential mode noise included 

in each of the detection signals by adding the component of the alternating 
current of the backward flow detection signal to the forward flow detection signal 
and adding the component of the alternating current of the forward flow 
detection signal to the backward flow detection signal. 

[0015] Another preferable apparatus related to the second object is as 

follows. 
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[0016] A heating resistor type air flow rate measuring apparatus is 

provided with a pair of air flow rate detecting parts for detecting heating 
currents necessary to heat a forward and a backward flow heating resistor 
installed in an air passage to the predetermined temperature, respectively, as a 
forward flow detection signal and a backward flow detection signal, in order to 
output an air flow rate signal including a directional component of the air flow in 
the air passage by using each detection signal. The apparatus comprises: 

[0017] a cancelling means for cancelling differential mode noises included 

in the forward and the backward detection signals by adding the component of 
the alternating current of the backward flow detection signal to the forward flow 
detection signal and adding the component of the alternating current of the 
forward flow detection signal to the backward flow detection signal, and 
outputting the forward and the backward flow cancellation signals; 

[0018] wherein an air flow rate signal is output by using the forward and 

the backward flow cancellation signals instead of the forward and the backward 
flow detection signals. 

[0019] A still further preferable apparatus related to the second object is as 

follows. 

[0020] A heating resistor type air flow rate measuring apparatus 

comprising: 
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[0021] a pair of air flow rate detecting parts for detecting heating currents 

necessary to heat a forward and a backward flow heating resistor installed in an 
air passage to the predetermined temperature, respectively, as a forward flow 
detection signal and a backward flow detection signal, 

[0022] a signal comparing means for determining the direction of the air 

flow in the air passage by the comparison of large and small of the forward and 
the backward flow detection signals, 

[0023] a signal selecting means for selecting one of the forward and the 

backward flow detection signals on the basis of the result of determination, and 

[0024] a differential amplifying circuit for switching and inputting the 

forward and the backward flow detection signals, adding an alternating current 
component of the backward flow detection signal to the input forward flow 
detection signal, and switching and outputting either one of an output signal 
higher than a reference voltage in proportion to the added signal and an output 
signal lower than the reference voltage in proportion to the input backward flow 
detection signal; 

[0025] wherein an air flow rate signal including a directional component of 

the air flow is output by using the output signal from the differential amplifying 
circuit. 

[0026] A still further preferable apparatus related to the second object is as 

follows. 
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[0027] A heating resistor type air flow rate measuring apparatus 

comprising: 

[0028] a pair of air flow rate detecting parts for detecting heating currents 

necessary to heat a forward and a backward flow heating resistor installed in an 
air passage to the predetermined temperature, respectively, as a forward flow 
detection signal and a backward flow detection signal, 

[0029] a signal comparing means for determining the direction of the air 

flow in the air passage by the comparison of large and small of the forward and 
the backward flow detection signals, 

[0030] a signal selecting means for selecting one of the forward and the 

backward flow detection signals on the basis of the result of determination, and 

[0031] a differential amplifying circuit for switching and inputting the 

forward and the backward flow detection signals, inverting the phase of an 
alternating current component of the forward flow detection signal and adding 
the resultant signal to the input backward flow detection signal, and switching 
and outputting either one of an output signal higher than a reference voltage in 
proportion to the forward flow detection signal and an output signal lower than 
the reference voltage in proportion to the added signal; 

[0032] wherein an air flow rate signal including a directional component of 

the air flow is output by using the output signal from the differential amplifying 
circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] Fig. 1 is a block diagram of the heating resistor type air flow rate 

measuring apparatus according to one embodiment related to a first object of the 
present invention. 

[0034] Fig. 2 shows output signal curves of the individual heating resistors 

in case of altering the air flow directions when using the thermal interference 
between two heating resistors. 

[0035] Fig. 3 shows output signal curves of the individual heating resistors 

in case of altering the air flow directions showing one embodiment related to the 
first object of the present invention. 

[0036] Fig. 4 is a circuit diagram of the output correction part in the 

heating resistor type air flow rate measuring apparatus showing one 
embodiment related to the first object of the present invention. 

[0037] Fig. 5 shows pulsating waveforms of the output signals of the 

heating resistors in the existence of the pulsated air flows in the experiments 
using the heating resistor type air flow rate measuring apparatus according to 
one embodiment related to the first object of the present invention. 

[0038] Fig. 6 is a block diagram of the heating resistor type air flow rate 

measuring apparatus according to another embodiment related to the first object 
of the present invention. 
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[0039] Fig. 7 is a block diagram of the system where the signal processing 

apparatus has a function of the heating resistor type air flow rate measuring 
apparatus showing another embodiment related to the first object of the present 
invention. 

[0040] Fig. 8 is one structural example of the heating resistor type air flow 

rate measuring apparatus related to the first object of the present invention. 

[0041] Fig. 9 is another structural example of the heating resistor type air 

flow rate measuring apparatus related to the first object of the present invention. 

[0042] Fig. 10 shows an over-shooting phenomena of the heating resistors 

in case of altering the intake negative pressure by opening gradually the throttle 
while keeping constant the number of rotations of the engine. 

[0043] Figs. 11A and 11B show output signals of the individual heating 

resistors at the individual throttle angles in case of using the output signal 
alternation method and in case of using the heating resistors having response 
delay characteristics. 

[0044] Fig. 12 shows a system controller diagram for controlling the 

internal combustion engine by using the heating resistor type air flow rate 
measuring apparatus related to the first object of the present invention. 

[0045] Fig. 13 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to a first embodiment related to a second 
object of the present invention. 
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[0046] Fig. 14 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to another embodiment related to the 
second object of the present invention. 

[0047] Fig. 15 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to a third embodiment related to the second 
object of the present invention. 

[0048] Fig. 16 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to a fourth embodiment related to the 
second object of the present invention. 

[0049] Fig. 17 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to a fifth embodiment related to the second 
object of the present invention. 

[0050] Fig. 18 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to a sixth embodiment related to the second 
object of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0051] Preferred embodiments of the present invention will be explained 

hereinafter. Firstly, the preferred embodiments related to the apparatus which 
can attain the first object will be described with reference to Figs.l to 12. 
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[0052] Fig. 1 is a block diagram showing the structure of the heating 

resistor type air flow rate meter as one embodiment of the present invention. A 
couple of heating resistors for air flow rate measurement are installed in the 
intake air duct 18 of the engine. In Fig. 1, the left side of the intake air duct 
leads to the air cleaner, and the right side leads to the engine. Therefore, the air 
flow running in the intake air duct from the air cleaner to the engine is defined 
as the forward flow air flow 4, and the air flow running in the opposite direction 
is defined as the backward flow air flow 5. 

[0053] A couple of heating resistors are placed in the intake air duct, each 

of which is driven by an independent drive circuit, respectively. Although a 
single drive circuit can drive both of the heating resistors theoretically, there 
happens to be a thermal response delay with this configuration in which the 
frequency response for about 20 to 200Hz can not be established in a practical 
engine operation environment, and hence, the direction of the air flow can not be 
discriminated. This drive circuit is controlled in feedback mode by supplying the 
heating flow to the heating resistors so that the temperature difference between 
the heating resistors and heat-sensitive resistors (the heating and heat- sensitive 
resistors generally shown as 2a, 2b, 3a, 3b) installed separately for measuring 
the intake air temperature may be maintained at a constant value. Those two 
heating resistors are placed in positions where the heated air flows interfere 
thermally with the heating resistors at the upper stream or the down stream of 
the air flow, respectively. When the forward flow air flow 4 occurs, the heat 
generated by the forward flow heating resistor tries to heat up the backward flow 
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heating resistor located in the down stream, and when the backward flow air 
flow occurs, the heat generated by the backward flow heating resistor tries to 
heat up the forward flow heating resistor located in the upper stream. With this 
configuration, for example, when the forward flow occurs, the heating flow for 
keeping the constant temperature difference between the backward flow heating 
resistor and its corresponding heat-sensitive resistor can be less than the heating 
flow for the forward flow heating resistor because the backward flow heating 
resistor gets the heat generated by the forward flow heating resistor. Thus, the 
comparison between the heating flows of those two heating resistors can teach 
the direction of the air flow, forward flow or backward flow, and the air flow rate. 

[0054] Fig. 2 shows the characteristic of the air flow measurement, where 

the air flow rate is plotted with respect to the output signal from the heat 
resistors extended in the horizontal axis. Each curve corresponds to the cases for 
forward flow and backward flow, respectively. As the output signal of the 
individual heating resistors fundamentally corresponds to the heating flow 
supplied to the individual heating resistors, when the forward flow occurs, the 
output signal of the forward flow heating resistor is larger, and the output signal 
of the backward flow heating resistor is smaller. Though the heating flow is so 
defined as shown above, the relationship in terms of the output signal voltage 
can be arbitrarily adjusted by the output control and by the zero span circuit 
coupled with the drive circuit. 
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[0055] Fig. 3 shows an example of the output signal characteristic of two 

heating resistors used in the heating resistor type air flow rate measuring 
apparatus of the present invention. In the present invention, when the forward 
flow occurs, the output signal characteristic of the heating resistor for the 
forward flow and the output signal characteristic of the heating resistor for the 
backward flow are adjusted so as to be approximately equivalent to each other. 
Thus, the output signals from two heating resistors when the forward flow occurs 
are identical to each other, but the difference between the output signals shown 
in Fig. 3 when the backward flow occurs is greater than the difference between 
the output signal shown in Fig. 2. This can be explained as follows: though the 
heating flow used in the case shown in Fig. 3 is the same as the heating flow in 
Fig. 2, the backward flow heating resistor gets the heat generated by the forward 
flow heating when the forward flow occurs, and the output signal of the 
backward flow heating resistor is amplified by the zero span circuit so as to make 
larger the sensitivity of the backward flow heating resistor to the air flow rate 
when there is a generic output signal of the backward flow heating resistor. 
According to this output signal characteristic, the output signal can be corrected 
by the following formula 1 when the backward flow occurs. 

[0056] Vout = Vf-kx(Vr - Vf) + Voffset ...(1) 

[0057] where, Vout: the output signal of the heating resistor type air flow 

rate measuring apparatus after the backward flow correction, 

[0058] Vf: the output signal of the forward flow heating resistor, 
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[0059] 



Vr: the output signal of the backward flow heating resistor, 



[0060] 



k: an arbitrary constant value, 



[0061] 



Voffset: an offset value for the output signal (defined if necessary), 



[0062] 



In the above formula, the term, kx(Vr - Vf) represents the correction 



term when the backward flow occurs. As the output signals of two heating 
resistors are the same when the forward flow occurs, the correction term is zero, 
and the output signal of the forward flow heating resistor is used. On the other 
hand, as the output signal of the backward flow heating resistor is higher when 
the backward flow occurs, the component due to the backward flow can be 
corrected. And furthermore, by adding the constant value k to the difference 
between the output signals of the forward flow heating resistor and the 
backward flow heating resistor, a flexible correction can be done. The offset value 
for the output signal, Voffset, is defined if necessary. 

[0063] Fig. 4 shows an example of the circuit structure based on the 

formula 1. This circuit is composed of three operational amplifiers. Those 
operational amplifiers have their own functions. The output VI of OPl is used for 
supplying the difference between the output signals of the forward flow heating 
resistor and the backward flow heating resistor (the term (Vr - Vf) in the formula 
1). The output V2 of OP2 represents the multiplication of the output VI of OPl 
and the constant value k defined by the ratio between Rl and R2. (kx(Vr - Vf) in 
the formula 1). The final output Vout of OP3 represents the summation of the 
output OP2, the output signal of the forward flow heating resistor and the offset 
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value for the output signal as defined by the formula 1. In Fig. 4, the rectangular 
portion 38 defined with a broken line is an RC filter which is aimed to eliminate 
noises in the output signal and to allow the output value close to the average of 
the output signal corresponding to the amplitude of the pulsating flow to be read 
into the control unit without influence of the sampling timing. The RC filter may 
be imbedded into the signal input part of the engine control unit in the circuits of 
the heating resistor type air flow rate measuring apparatus. Though this circuit 
is basically composed of three operational amplifiers, it is possible to establish 
the equivalent circuit composed of two operational amplifiers by reforming the 
formula 1. The detailed structure of the equivalent circuit is not shown here. 

[0064] Fig. 5 is the observation result of the pulsated flow wave forms in 

the pulsated operation region accompanying a backward flow in the heating 
resistor type air flow rate measuring apparatus of the present invention. The 
apparatus is mounted on the actual engine and has the circuit structure shown 
in FIGS. 1 and 4 and the output signal characteristic shown in Fig. 3. Two curves 
laying in the lower part of the chart represents the output signals of the forward 
flow heating resistor and the backward flow heating resistor, respectively, and 
the solid line curve represents the output signal of the heating resistor type air 
flow rate measuring apparatus of the present invention. The output signal of the 
heating resistor type air flow rate measuring apparatus according to the present 
invention is defined by the formula 1. For reference, the output signal generated 
by adding only the offset value to the output signal of the forward flow heating 
resistor is shown by the broken line. 
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[0065] Referring to the output signals of the forward flow heating resistor 

and the backward flow heating resistor at first, the output signal of the forward 
flow heating resistor and the output signal of the backward flow heating resistor 
are almost the same when the forward flow occurs, but the output signal of the 
backward flow heating resistor is larger than the output signal of the forward 
flow heating resistor when the backward flow occurs. Those are output signal 
characteristics in accordance with the output signal characteristics shown in Fig. 
3. And furthermore, referring to the final output signals, in comparison with the 
output signal generated by adding only the offset value to the output signal of 
the forward flow heating resistor, shown by the broken line, the output signal 
corrected with the backward flow component is almost equal to the output signal 
generated by adding only the offset value to the output signal of the forward flow 
heating resistor when the forward flow occurs, but smaller when the backward 
flow occurs. This means that the averaged output signal when the backward 
flow occurs can be reduced. Thus, it is proved experimentally that the air flow 
rate measuring apparatus of the present invention can detect the backward flow, 
and that there is such an effect that the output signal of the forward flow heating 
resistor can be reduced when the backward flow occurs which is the primary 
object of the present invention. 

[0066] Fig. 6 is a block diagram of the heating resistor type air flow rate 

meter in another embodiment of the present invention. The basic structure of the 
block diagram in Fig. 6 is almost the same as that in Fig. 1. The specific 
difference from Fig. 1 is that a heater 6 is placed between the couple of heating 



-19- 



resistors 2a, 2b so that the thermal interference may be established between the 
heater 6 and the individual heating 2a, 2b resistors instead of exchanging heat 
directly between the two heating resistors. The reason why the structure shown 
in Fig. 6 is used is that, if the distance between two heating resistors is too short, 
the final output signal of the heating resistors is disturbed due to the heat 
exchange between the heating resistors even in the single -directional air flow. 
This resultantly leads to noise in the output signal of the heating resistor type 
air flow rate measuring apparatus. It is evident that the heat interference 
between the heat resistors can not be fully established and hence, the air flow 
direction can not be detected if two heat resistors are kept away from each other 
too much. 

[0067] Fig. 7 is a block diagram of the heating resistor type air flow rate 

meter and its output signal processing apparatus in another embodiment of the 
present invention. The basic structure of the block diagram in Fig. 7 is almost 
the same as that in Fig. 1. The specific difference from Fig. 1 is that the circuit 
of the heating resistor type air flow rate measuring apparatus only comprises a 
couple of heating resistors and the zero span circuit for their output signals, 
where two individual signals for the forward flow and the backward flow are 
supplied to the signal processing apparatus. Those output signals are processed 
for the signal correction and the detection of the air flow direction by the signal 
process apparatus. In this embodiment, by enabling a part of the signal 
processing apparatus to operate as the signal processing function of the heating 
resistor type air flow rate measuring apparatus, there is such an advantage that 
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the circuit structure of the heating resistor type air flow rate measuring 
apparatus itself can be simplified. 

[0068] Fig. 8 is a schematic structural diagram of the heating resistor type 

air flow rate measuring apparatus of the present invention. The structure 
contains a circuit board 8 on which the zero span circuit and the signal 
processing circuit are integrated, a protector member including a housing 
member 9 and a cover member 10 for protecting the circuit board 8, sensor 
members including the heating resistors 2a, 2b and the sensing resistors 3a, 3b, 
conductive members 1 1 for electrically connecting between the sensor members 
and the circuit board, a supporting member for supporting the sensor members 
and the connecting members, a sub air route in which the heating resistors are 
placed, and a connector part 14 which functions as an interface to the outside of 
the apparatus. All of the members are configured as a single module. The 
sensor part of the module and the sub air passage and other members are 
inserted in the penetration hole 16 of the body member 15. A honeycomb lattice 
17 is installed in the body member 15 for reducing the disturbance in the air flow 
comprising the main air passage in the intake air passage of the combustion 
engine. The overall structure of the heating resistor type air flow rate measuring 
apparatus is so formed by fixing the module and the body with screws. 

[0069] Fig. 9 is the structure of the apparatus where the body member 

comprising the main air passage of the intake air passage is not formed as part 
of the heating resistor type air flow rate measuring apparatus, but rather is 
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configured by using the intake air passage composite duct of the combustion 
engine. In this embodiment, what is used as the body member is the composite 
member of the air cleaner 20 used for removing the dust in the air supplied into 
the engine. The body member is placed in the air flow down stream of the air 
cleaner element 22. A penetration hole 16 is formed in the air cleaner housing 
composition member formed with the duct 23 used as the main air passage for 
the heating resistor type air flow rate measuring apparatus as a single unit. 
Thus, the single unit containing the heating resistor type air flow rate measuring 
apparatus and the air cleaner housing composition member 20 is fixed with 
screws. According to this structure, by using the existing components, a heating 
resistor type air flow rate measuring apparatus without a newly-built body can 
be provided at low cost. 

[0070] Finally, referring to Fig. 12, another embodiment of the present 

invention applied to the internal combustion 25 engine using an electronic fuel 
injection system is shown. 

[0071] The intake air 37 coming through the air cleaner 24 goes through 

the body of the heating resistor type air flow rate measuring apparatus 1, the 
intake duct 25, the throttle body 28 and the intake manifold 29 having the 
injector 30 for injecting the fuel, and reaches the engine cylinder 32. The gas 
generated in the engine cylinder 33 is exhausted through the exhaust manifold 
34. 
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[0072] The air flow rate signal supplied by the circuit module of the 

heating resistor type air flow rate measuring apparatus, the throttle valve angle 
signal supplied by the throttle angle sensor 27, the oxygen content signal 
supplied by the oxygen content sensor 35 installed in the exhaust manifold 34 
and the engine rotation velocity signal supplied by the engine tachometer 31 are 
put into the control unit 36, where an optimal fuel injection amount and an 
optimal valve aperture are calculated and determined by using those signals, 
and the injector 30 and the idle control valve 26 are controlled by using those 
calculated optimal values. 

[0073] Next, the preferred embodiments related to the apparatus which 

can attain the second object of the present invention will be described in detail 
with reference to Figs. 13 to 18. 

[0074] Fig. 13 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to one embodiment of the present invention. 
The heating resistor type air flow rate measuring apparatus of the present 
embodiment is constructed by using air flow rate detecting parts 48, 58, 
characteristic adjusting circuits 61, 62, a cancelling means 90, a switching circuit 
91, and a differential amplifier 71. 

[0075] In Fig. 13, the air flow rate detecting parts 48, 58 are provided with 

Wheatstone bridge circuits comprising heating resistors 41, 51, air temperature 
detecting resistors 42, 52 and resistors 43, 44, 45, 53, 54, 55, and constant 
temperature control circuits comprising operational amplifiers 46, 56 and 
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transistors 47, 57 which supply a current to the Wheatstone bridge circuits and 
correct the resistance values of the heating resistors 41, 51 to be constant, in 
accordance with the value of the air temperature detecting resistors 42, 52. The 
pair of air flow rate detecting parts 48 and 58 detect heating currents for the 
heating resistors 41 and 51 by using the resistors 43 and 53 for detecting the 
currents, respectively, and output a forward flow detection signal V2F and a 
backward flow detection signal V2R, respectively. The heating resistors 41 and 
51 each have higher detection sensitivity with respect to either one of the 
forward flow and the backward flow. 

[0076] In other words, one air flow rate detecting part 48 detects the 

heating current necessary to heat the forward flow heating resistor 41 positioned 
in an air passage to the predetermined temperature as the forward flow 
detection signal V2F, and the other air flow rate detecting part 58 detects the 
heating current necessary to heat the backward flow heating resistor 51 installed 
in an air passage to the predetermined temperature as the backward flow 
detection signal V2R. 

[0077] The forward flow detection signal V2F and the backward flow 

detection signal V2R have their characteristics adjusted by characteristic 
adjusting circuits 61 and 62, respectively, and are output as a forward flow 
adjustment signal VOF and a backward flow adjustment signal VOR, 
respectively. After that, these adjustment signals VOF and VOR are compared 
with each other by a comparater 69, and the larger signal is selected by a 
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switching circuit 70. Namely, a direction of air flow is determined by the 
comparison of the large and small signals of the forward flow adjustment signal 
VOF and the backward flow adjustment signal VOR in the comparater 69 or 
signal comparing means. 

[0078] Finally, a differential amplifier 71 inverses the voltage when the 

backward flow is detected, amplifies a forward flow cancellation signal VOUTF 
or a backward flow cancellation signal VOUTR, which is an output signal VOUT, 
and outputs flow rate signal VG including the component of the direction of air 
flow. 

[0079] If the heating resistor for detecting the forward flow and the 

heating resistor for detecting the backward flow are thermally connected to each 
other, then the change in the heating current of each of the heating resistors has 
a complimentary relationship. Further, the forward flow adjustment signal VOF 
and the backward flow adjustment signal VOR have differential mode noises of 
which phases there are inverted with each other. Similarly to the prior art, if 
either one of these adjustment signals including the differential mode noises is 
selected and used as an output signal VOUT of the flow meter, then the output 
signal VOUT and the flow rate signal VG also include the noises. While the 
component of the differential mode noise can be eliminated by using an 
attenuation method, for example, by averaging the components of alternating 
currents of the forward and backward flow adjustment signals, there is the 
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problem in which the delay of detection becomes large due to the attenuation 
when the air flow was inverted. 

[0080] Accordingly, in the present invention, the noise can be eliminated 

without the delay of detection at the time when the air flow is inverted. Namely, 
in the embodiment of Fig. 13, the forward flow cancellation output signal VOUTF 
in which the component of the alternating current of the backward flow signal is 
added to the forward flow signal, is obtained from the forward flow adjustment 
signal VOF adjusted in characteristic by using one cancelling means or circuit 
90a comprising resistors 63, 64 and a capacitor 65. The backward flow 
cancellation output signal VOUTR in which the component of the alternating 
current of the forward flow signal is added to the backward flow signal, is 
obtained from the backward flow adjustment signal VOR adjusted in 
characteristic by using the other cancelling means 50a comprising resistors 66, 
67 and a capacitor 68. While the cancelling means 90 in the present embodiment 
is constructed by one cancelling means 90a and the other cancelling means 90b, 
it does not necessarily require both cancelling means. 

[0081] A switching means or circuit 91 comprising the signal comparing 

means or comparater 69 and the signal selecting means or switching circuit 70, 
inputs the forward and backward flow adjustment signals VOF and VOR 
adjusted in characteristic which are indicative of a forward and a backward 
direction of air flow, respectively, and controls the switching operation of the 
switch circuit 70. Namely, the direction of the forward and backward flow is 
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detected, the switching operation of the switching circuit 70 is performed, and 
the output signal VOUT (VOUTF or VOUTR) of which the noise was cancelled is 
output. It is possible to use the forward flow detection signal V2F and the 
backward flow detection signal V2R, instead of the adjustment signals VOF and 
VOR, respectively. 

[0082] As described above, it is possible to attenuate or cancel and 

eliminate the differential mode noise without a large detection delay at the time 
when the air flow is inverted. 

[0083] To sum up, in the present invention, the component of the 

alternating current of the backward flow detection signal is added to the forward 
flow detection signal, and that of the forward flow detection signal is added to the 
backward flow detection signal. Namely, the circuit is constructed so as to cancel 
the differential mode noises included in two detection signals by adding the 
components of the alternating currents of the respective detection signals 
opposed to the forward flow detection signal V2F and the backward flow 
detection signal V2R to each other. 

[0084] In other words, if an air flow meter which can detect a backward 

flow is constructed by two air flow rate detecting parts each including a heating 
resistor, the two heating resistors thermally interfere with each other as they are 
thermally close to each other, the excess quantity of heat is transferred to the 
other heating resistor as a heating current supplied to one heating resistor 
increases, and the heating current is decreased by the air flow rate detecting 
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part on the side of the heating resistor suffering from the excess quantity of heat. 
As a result, two heating current detection signals (detection signals V2F, V2R) 
include noise components of which the phases are inverted. Accordingly, the 
present invention is constructed so as to eliminate the above noise components 
by adding the components of the alternating currents of the two heating current 
detection signals to each other. 

[0085] In the first embodiment, the cancelling means 90 further can 

include a signal selecting means for selecting either one of the forward flow 
cancellation output signal and the backward flow cancellation output signal. 

[0086] Fig. 14 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to another embodiment related to the 
second object of the present invention. The second embodiment will be explained. 

[0087] In the embodiment of Fig. 14, a differential amplifying circuit 95 

comprises a circuit having an operational amplifier 76, resistors 63, 74, 75, 77 
and a reference voltage VCM. The circuit 95 outputs a flow rate signal VG 
indicative of both the forward flow and the backward flow directions. The circuit 
is constructed so as to input the adjustment signal VOF or VOR selected by the 
switching circuit 70 switched by the output of the comparater 69, and output a 
flow rate signal VG indicative of both directions of the forward and the backward 
flow and indicative of the reference voltage VCM when the flow rate is at zero 
(0). In addition, the circuit 95 has a circuit having a resistor 64 and a capacitor 
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65 for adding in advance only the component of the alternating current of the 
backward flow adjustment signal VOR. 

[0088] Namely, in this embodiment, only the component of the alternating 

current of the backward flow adjustment signal VOR is added to the forward flow 
adjustment signal VOF by an alternating current signal pick-up means having 
the resistor 64 and the capacitor 65, in order to cancel the differential mode 
noises. In other words, the cancelling means, the switching means and the 
differential amplifier are formed integrally in the apparatus according to the 
present embodiment. 

[0089] According to the embodiment of Fig. 14, the differential mode noise 

of the forward flow adjustment signal VOF can be effectively decreased. Further, 
the differential mode noise of the backward flow adjustment signal VOR also can 
be decreased. This occurs when the heating resistor 41 for detecting the forward 
flow is thermally connected to the heating resistor 51 for detecting the backward 
flow, because the component of the alternating current within the range of the 
frequency defined by the circuit having the resistor 64 and the capacitor 65, 
which acts as a noise filter, is cut off. 

[0090] Further, if the output voltage of the apparatus shown in Fig. 14 is 

set to the reference voltage VCM when the flow rate is at zero, it is possible to 
operate the apparatus by a single power source for an automobile. 

[0091] In this embodiment, the delay of detection of the occurrence of the 

backward flow can be improved by correcting the original delay of response in the 
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heating resistor type air flow rate measuring apparatus using equalizers 72, 73 
provided at the previous stage of the comparater 69 for determining a direction of 
flow into which the forward and backward flow adjustment signals adjusted in 
characteristic are input. It should be appreciated that it is possible to provide the 
equalizers 72, 73 to other embodiments, as well as to remove them. 

[0092] Fig. 15 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to a third embodiment of the present 
invention. The third embodiment will be explained with reference to Fig. 15. 

[0093] In the embodiment of Fig. 15, a differential amplifying circuit 96 

comprises a circuit having an operational amplifier 76, resistors 74, 75, 77, 78 
and a reference voltage VCM. The circuit is constructed so as to input the 
adjustment signal VOF or VOR selected by the switching circuit 70 switched by 
the output of the comparater 69, and output an output voltage indicative of the 
reference voltage VCM when the flow rate is at zero. The circuit 96 also includes 
a circuit having a resistor 67 and a capacitor 68. In this embodiment, the phase 
of the component of the alternating current of the forward flow adjustment 
signal VOF is inverted by the circuit having the resistor 67 and the capacitor 68, 
and then the component of the alternating current with the inverted phase is 
input to the operational amplifier 76. The cancelling means, the switching means 
and the differential amplifier are formed integrally in the apparatus according to 
the present embodiment 
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[0094] According to the embodiment of Fig. 15, the differential mode noise 

of the forward flow adjustment signal VOF can be decreased, which occurs when 
the heating resistors are thermally connected to each other. This is because the 
component of the alternating current within the range of the frequency defined 
by the circuit having the resistor 67 and the capacitor 68 which acts as a noise 
filter is cut off. The differential mode noise of the backward flow adjustment 
signal VOR also can be decreased. 

[0095] Fig. 16 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to a fourth embodiment of the present 
invention. The fourth embodiment will be explained with reference to Fig. 16. 

[0096] In Fig. 16, an air flow meter 80 or the heating resistor type air flow 

rate measuring apparatus is constructed by the air flow rate detecting parts 48, 
58 and the characteristic adjusting circuits 61, 62. The forward and the 
backward flow adjustment signals VOF, VOR are transmitted from the air flow 
meter 80 to a fuel injection amount control unit 81 for an internal combustion 
engine. The two adjustment signals VOF and VOR in the fourth embodiment are 
the same as the forward and the backward flow detection signals in a broad 
sense. 

[0097] A signal comparing means 82, alternating current extracting means 

83, 84, signal adding means 85, 86 and a signal selecting means 87 are provided 
inside of the fuel injection amount control unit 81 of a fuel injection amount 
control system for an internal combustion engine. The fuel injection amount 
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control unit 81 produces the output signal VOUT including a directional 
component, and transmit the output signal VOUT to a signal processing means 
88 as the information necessary to control the fuel injection amount. The signal 
processing means 88 processes the output signal VOUT and makes the flow rate 
signal VG. 

[0098] Accordingly, one cancelling means 90a comprises the alternating 

current extracting means 84 and the signal adding means 85, and the other 
cancelling means 90b comprises the alternating current extracting means 83 and 
the signal adding means 86. The switching means 91 comprises the signal 
comparing means 82 and the signal selecting means 87. Namely, in.this 
embodiment, the switching means for selecting one of input signals or two 
adjustment signals and the cancelling means for adding the alternating current 
component of one input signal to the other input signal and adding that of the 
other input signal to one input signal and outputting the resultant signals, are 
provided in the fuel injection amount control unit 81 which is a semiconductor 
electronic circuit. 

[0099] According to the embodiment of Fig. 16, it is possible to reduce the 

cost of a fuel injection amount control system, because the signal comparing 
means 82, the alternating current extracting means 83, 84, the signal adding 
means 85, 86, the signal selecting means 87 and so on can be integrated into the 
fuel injection amount control unit 81, and it is possible to share the arithmetic 
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unit for the fuel injection amount control unit 81 and the above-mentioned 
means. 

[0100] Fig. 17 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to a fifth embodiment of the present 
invention. This embodiment is different from the embodiment of Fig. 16 in that 
the heating resistor type air flow rate measuring apparatus is not installed 
integrally with the fuel injection amount control unit 81. 

[0101] A cancelling means 90 of Fig. 17 is the same as the circuit having 

the alternating current extracting means 83, 84 and the signal adding means 85, 
86 shown in Fig. 16. Further, A switching means of Fig. 17 is the same as the 
circuit having the signal comparing means 82 and the signal selecting means 87 
shown in Fig. 16. 

[0102] Further, in Fig. 17, the heating resistor type air flow rate measuring 

apparatus shown in Fig. 13 is shown in blocks. Namely, the alternating current 
extracting means 83 of Fig. 17 corresponds to the alternating current extracting 
means having the resistor 67 and the capacitor 68 in Fig. 13. The alternating 
current extracting means 84 of Fig. 17 corresponds to the alternating current 
extracting means having the resistor 64 and the capacitor 65 in Fig. 13. The 
signal adding means 85 of Fig. 17 corresponds to the signal adding means having 
the resistor 63 and the connection part in Fig. 13. The signal adding means 86 of 
Fig. 17 corresponds to the signal adding means having the resistor 66 and the 
connection part in Fig. 13. Still further, the signal comparing means 82 of Fig. 17 
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corresponds to the comparater 69 of Fig. 13, and the signal selecting means 87 
the switching circuit 70 of Fig. 13. 

[0103] Fig. 18 is a circuit diagram showing a heating resistor type air flow 

rate measuring apparatus according to a sixth embodiment related to the second 
object of the present invention. In the embodiments of Figs. 13 to 18, while the 
apparatus including the characteristic adjusting circuits 61, 62, the differential 
amplifier 71 and so on was explained as the heating resistor type air flow rate 
measuring apparatus or the air flow meter 80, it should be appreciated that the 
heating resistor type air flow rate measuring apparatus means the air flow rate 
detecting parts 48, 58 may be integrated with the cancelling means 90 in a 
narrow sense. 

[0104] Namely, such a heating resistor type air flow rate apparatus has a 

cancelling means for cancelling the differential mode noise components included 
in forward and backward flow detection signals by adding the alternating 
current component of the backward flow detection signal to the forward flow 
detection signal and adding the alternating current component of the forward 
flow detection signal to the backward flow detection signal, in addition to means 
for detecting the forward flow detection signal V2F from the heating current 
necessary to heat the heating resistor for the forward flow installed in the air 
passage to the predetermined temperature and means for detecting the 
backward flow detection signal V2R from the heating current necessary to heat 
the heating resistor for the backward flow installed in the air passage to the 
predetermined temperature. 



-34- 



[0105] In this case, the air flow rate signal VG can be obtained by using 

the forward flow cancellation output signal VOUTF and the backward flow 
cancellation output signal VOUTR which are output from the cancelling means. 
[0106] In a heating resistor type air flow rate measuring apparatus or air 

flow meter comprising an air flow rate detecting part and a characteristic 
adjusting circuit, it is also possible to provide the cancelling means 90 between 
the air flow rate detecting parts 48, 58 and the characteristic adjusting circuits 
61, 62. 
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Attorney Docket: 056207.43305C2 
Marked-Up Substitute Specification 

TITLE OF THE INVENTION 

Heating Resistor Type Air Flow Rato Measuring Apparatus 

BACKGROUND OF THE INVENTION 

The present invention relates to an air flow meter for measuring the intake 
air flow rate to an internal combustion engine, especially, a heating resistor type 
air flow rate measuring apparatus for measuring the air flow rate in the condition 
accompanying accompanied with a backward flow in a pulsating flow. 

The air flow in an internal combustion engine is pulsated by a continuous 
make and break operation of the intake air valve. The pulsation is so amplified by 
the effect of the columnar vibration in the intake air duct , and the air flow inside 
the intake air pipe becomes a backward flow in a specific condition conditions 
related to the number of rotations of the engine and the aperture of the throttle 
valve. This backward flow brings about various bad effects in the heating resistor 
type air flow rate measuring apparatus. As for an apparatus for solving this 
problem, a prior art apparatus disclosed in Japanese Patent Application 
Laid-Open No. 1-206223 (1989) is known as a an air passage structure having a 
sub air duct shaped in a letter I (or L) which is used as a means for increasing the 
accuracy of the measurement of the heating resistor type air flow rate measuring 
apparatus operated under a condition where a backward flow occurs with a 
pulsating flow. In this prior art device , the air passage is so configured that the 
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backward flow directly blows against the heating resistor by forming a wall facing 

against to the backward flow. 

As for another apparatus for reducing the bad effect of the backward flow, a 
prior art device is disclosed in Japanese Patent Application Laid-Open No. 62-812 
(1987). In this prior art device , similarly to the present invention, by detecting the 
direction of the air flow by using the thermal interference between a couple of 
heating resistors, the output voltage signals from the heating resistors are altered 
by judging the direction of the air flow; when the air flow is a forward flow, the 
output voltage to be used is selected from the output voltage signal of the heating 
resistor for the forward flow; when the air flow is a backward flow, the output 
voltage signal from the heating resistor for the backward flow is selected. 

In general, it is difficult to measure the direction of the air flow, forward or 
backward, selectively only by using a single heating resistor. In order to solve this 
problem, for example, as shown in FIG. 10, in observing the average output of the 
heating resistor type air flow rate measuring apparatus by varying the boost 
pressure by making the throttle valve gradually open while the number of 
rotations of the engine is maintained to be constant, the average output of the air 
flow rate increases linearly as the intake negative pressure increases under a 
certain threshold value, and for the boost pressure above a certain threshold value, 
the average output of the air flow rate is estimated to be larger than the actual air 
flow rate (which is designated as an over-shooting phenomena). Though the 
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pulsation in the air flow rate in the heating resistor type air flow rate measuring 

apparatus is relatively small when the throttle valve opens with a small aperture, 

the amplitude of the pulsation in the air flow rate increases as the throttle valve 

gets to open, and finally, at the a throttle valve angle larger than a certain angle 

(about 30 to (in the right region of A in FIG. 10) , the pulsation amplitude 

contains the backward flow component. Thus, when the backward flow occurs, as 

the heating resistor can not discriminate the direction of the air flow whether 

forward or backward as described above, the average output of the air flow rate is 

estimated with the forward flow component as well as the backward flow 

component, and thus takes on larger values. 

By means of forming a wall against the direction of the backward flow as 
described above for the prior art, and making he air passage structure so that the 
backward flow may not low directly against the heating resistor, it is possible to 
reduce the estimation error for the average output. However, the reduced error 
with this means is only the half of the overall error. This is because the amount of 
forward flow increases as the amount of backward flow increases. Thus, in order to 
reduce the estimation error due to the backward flow, it is necessary to reduce the 
output value of the forward flow when the backward flow occurs or distract 
subtract the backward flow component from the forward flow component as well as 
the measurement of the forward flow component. There is a prior art apparatus 
related to this solution in which, in case that the backward flow is observed by 
detecting the direction of the air flow by comparing the output signals from those 
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two heating resistors by using a couple of heating resistors as disclosed in the 

other prior art described above, the backward flow component is subtracted from 

the forward flow component. This method has yet another problem. One is related 

to the reduction of resolution in supplying data to the micro computer. DC voltage 

handled by many micro computers used for general automotive applications is 

between 0 and 5.12 (V). However, in this method where both the forward flow and 

the backward flow have a similar relationship between the air flow rate and the 

output voltage, the resolution of the forward flow is reduced. In an extreme case A 

that the threshold voltage 2.56(V) is used and that the range below 2.56(V) is for 

the range of the output voltage for the backward flow and the range over 2.56(V) is 

for the range of the output voltage for the forward flow. Thus, the resolution of the 

output voltage for the forward flow in this case is half of the resolution when et& 

the entire range between 0 and 2.56(V) can be used for the forward flow. Though 

the threshold voltage 2.56(V) in this case is a littlo somewhat extreme case, the 

resolution for the forward flow is reduced because the threshold voltage should be 

determined between 1(V) and 2(V) in order to measure the backward flow precisely. 

If the heating resistor has a thermal response delay, the detection of the 
backward flow is delayed when comparing the output signals from the heating 
resistors , this . This detection delay gives has an effect te on the measurement 
precision. This can be illustrated with Figs. 11A and 11B; when the backward flow 
begins to rise up at the point B in Fig. 11 A, the output signal level of the backward 
flow does not exceed the output signal level of the forward flow, and therefore, the 
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existence of the backward flow is not proved until the output signal level of the 

backward flow reaches at tho point C; thus, the detection of the backward flow is 

so delayed. 

Further, as disclosed in Japanese Patent Application Laid-Open No. 62-812 
(1987), the conventional apparatus determines a direction of air flow by using two 
heating resistors and produces an output signal by using either one of the 
detection signals. A noise component produced due to the mutual interference 
between the two heating resistors and included in the output signal is moderated 
by attenuating the alternating current component. 

However, because the output signal is attenuated in the prior art apparatus, 
there was is the problem that the delay of detection becomes large at the time 
when the air flow is inverted and thus the precision of the measurement 
deteriorates. 

SUMMARY OF THE INVENTION 

Therefore, a first object of the present invention is to increase the precision 
of the measurement of the air flow rate in the pulsated flow accompanying with 
the backward flow in a practical on-board environment, which is one of the major 
problem problems in the above described heating resistor type air flow rate 
measuring apparatus, and to provide a heating resistor type air flow rate 
measuring apparatus which has advantages in ease of handling easiness , 
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reliability and cost. 

A second object of the present invention is to provide an improved heating 
resistor type air flow rate measuring apparatus which can reduce the 
above-mentioned noise, thus maintaining the precision of measurement. 

In order to solve the above-described first problem, a couple of heating 
resistors are mado to bo place placed at the positions en which those interfere with 
the air flow with respect to thermal properties, and if the air flow is a forward flow, 
the output signal from the sensor is corrected by the electronic circuit so that the 
output signal for the forward flow may be equal to the output signal for the 
backward flow, but if the air flow is a backward flow, the difference between the 
output signal for the forward flow and the output signal for the backward flow is so 
adjusted as to be larger. In addition, the larger one of the output signals from 
those two heating resistors is so adjusted as to be equalized to be the lower one, 
and if the air flow is a backward flow, by reducing the output signal of the heating 
resistor for the forward flow, the overall average value of the output signals is thus 
so adjusted as to be lowered. In this method, the difference between the output 
signal for the forward flow and the output signal for the backward flow which 
occurs only when the air flow is a backward flow is used as the correction value. 
With this method, the switching operation of the output signals for the forward 
flow and the backward flow by using the switching circuit can be eliminated. And 
furthermore, the threshold value for separating the forward flow and the backward 
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flow is not required and the output voltage used for the heating resistor type air 

flow rate measuring apparatus can be varied between 0 and 5.12(V), and therefore, 

a higher resolution for the output signal can be established when the air flow is a 

forward flow. As the difference between the output signal from the heating resistor 

for the forward flow and the output signal from the heating resistor for the 

backward flow necessarily arises when the air flow is a backward flow even if the 

heating resistors have a thermal response delay, the detection and judgment of the 

backward flow can be performed precisely. 

Further, the preferable apparatus for attaining the above-described second 
object is as follows. 

A heating resistor type air flow rate measuring apparatus is provided in 
which a forward flow detection signal is detected from a heating current necessary 
to heat to the predetermined temperature a forward flow heating resistor installed 
in an air passage to the predetermined tomporaturo , and a backward flow 
detection signal is detected from a heating current necessary to heat a backward 
flow heating resistor installed in the air passage to the predetermined 
temperature , comprising: . The apparatus comprises: 

a cancelling means for cancelling a differential mode noise including 
included in each of the detection signals by adding the component of the 
alternating current of the backward flow detection signal to the forward flow 
detection signal and adding the component of the alternating current of the 
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forward flow detection signal to the backward flow detection signal. 

Another preferable apparatus related to the second object is as follows. 

A heating resistor type air flow rate measuring apparatus is provided with a 
pair of air flow rate detecting parts for detecting heating currents necessary to 
heat a forward and a backward flow heating resistor installed in an air passage to 
the predetermined temperature, respectively, as a forward flow detection signal 
and a backward flow detection signal, in order to output an air flow rate signal 
including a directional component of the air flow in the air passage by using each 
detection signal , further comprising: . The apparatus comprises: 

a cancelling means for cancelling differential mode noises including 
included in the forward and the backward detection signals by adding the 
component of the alternating current of the backward flow detection signal to the 
forward flow detection signal and adding the component of the alternating current 
of the forward flow detection signal to the backward flow detection signal, and 
outputting the forward and the backward flow cancellation signals; 

wherein an air flow rate signal is output by using the forward and the 
backward flow cancellation signals instead of the forward and the backward flow 
detection signals. 

Still A still further preferable apparatus related to the second object is as 
follows. 
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A heating resistor type air flow rate measuring apparatus comprising: 

a pair of air flow rate detecting parts for detecting heating currents 
necessary to heat a forward and a backward flow heating resistor installed in an 
air passage to the predetermined temperature, respectively, as a forward flow 
detection signal and a backward flow detection signal, 

a signal comparing means for determining the direction of the air 
flow in the air passage by the comparison of large and small of the forward and the 
backward flow detection signals, 

a signal selecting means for selecting one of the forward and the 
backward flow detection signals on the basis of the result of determination, and 

a differential amplifying circuit for switching and inputting the 
forward and the backward flow detection signals, adding an alternating current 
component of the backward flow detection signal to the input forward flow 
detection signal, and switching and outputting either one of an output signal 
higher than a reference voltage in proportion to the added signal and an output 
signal lower than the reference voltage in proportion to the input backward flow 
detection signal; 

wherein an air flow rate signal including a directional component of 
the air flow is output by using the output signal from the differential amplifying 
circuit. 

StiH A still further preferable apparatus related to the second object is as 
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follows. 
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A heating resistor type air flow rate measuring apparatus comprising: 

a pair of air flow rate detecting parts for detecting heating currents 
necessary to heat a forward and a backward flow heating resistor installed in an 
air passage to the predetermined temperature, respectively, as a forward flow 
detection signal and a backward flow detection signal, 

a signal comparing means for determining the direction of the air 
flow in the air passage by the comparison of large and small of the forward and the 
backward flow detection signals, 

a signal selecting means for selecting one of the forward and the 
backward flow detection signals on the basis of the result of determination, and 

a differential amplifying circuit for switching and inputting the 
forward and the backward flow detection signals, inverting the phase of an 
alternating current component of the forward flow detection signal and adding the 
resultant signal to the input backward flow detection signal, and switching and 
outputting either one of an output signal higher than a reference voltage in 
proportion to the forward flow detection signal and an output signal lower than the 
reference voltage in proportion to the added signal; 

wherein an air flow rate signal including a directional component of 
the air flow is output by using the output signal from the differential amplifying 
circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of the heating resistor type air flow rate measuring 
apparatus according to one embodiment related to a first object of the present 
invention. 

Fig. 2 shows output signal curves of the individual heating resistors in case 
of altering the air flow directions when using the thermal interference between two 
heating resistors. 

Fig. 3 shows output signal curves of the individual heating resistors in case 
of altering the air flow directions showing one embodiment related to the first 
object of the present invention. 

Fig. 4 is a circuit diagram of the output correction part in the heating 
resistor type air flow rate measuring apparatus showing one embodiment related 
to the first object of the present invention. 

Fig. 5 shows pulsating waveforms of the output signals of the heating 
resistors in the existence of the pulsated air flows in the experiments using the 
heating resistor type air flow rate measuring apparatus according to one 
embodiment related to the first object of the present invention. 

Fig. 6 is a block diagram of the heating resistor type air flow rate measuring 
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apparatus according to another embodiment related to the first object of the 

present invention. 

Fig. 7 is a block diagram of the system where the signal processing 
apparatus has a function of the heating resistor type air flow rate measuring 
apparatus showing another embodiment related to the first object of the present 
invention. 

Fig. 8 is one structural example structure of the heating resistor type air 
flow rate measuring apparatus related to the first object of the present invention. 

Fig. 9 is another structural example structure of the heating resistor type 
air flow rate measuring apparatus related to the first object of the present 
invention. 

Fig. 10 shows an over-shooting phenomena of the heating resistors in case of 
altering the intake negative pressure by opening gradually the throttle while 
keeping the constant the number of rotations of the engine. 

Fig. 11 oho wo Figs. 11A and 11B show output signals of the individual 
heating resistors at the individual throttle angles in case of using the output signal 
alternation method and in case of using the heating resistors having response 
delay characteristics. 
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Fig. 12 shows a system controller diagram for controlling the internal 
combustion engine by using the heating resistor type air flow rate measuring 
apparatus related to the first object of the present invention. 

Fig. 13 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to a first embodiment related to a second object of 
the present invention. 

Fig. 14 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to another embodiment related to the second 
object of the present invention. 

Fig. 15 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to a third embodiment related to the second object 
of the present invention. 

Fig. 16 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to a fourth embodiment related to the second 
object of the present invention. 

Fig. 17 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to a fifth embodiment related to the second object 
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of the present invention. 

Fig. 18 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to a sixth embodiment related to the second object 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be explained 
hereinafter. Firstly, the preferred embodiments related to the apparatus which can 
attain the first object will be described with reference to Figs.l to 12. 

Fig. 1 is a block diagram showing the structure of the heating resistor type 
air flow rate meter as one embodiment of the present invention. A couple of 
heating resistors for air flow rate measurement are installed in the intake air duct 
18 of the engine. In Fig. 1, the left side of the intake air duct directs leads to the air 
cleaner, and the right side directs leads to the engine. Therefore, the air flow 
miming in the intake air duct from the air cleaner to the engine is defined as the 
forward flow air flow 4, and the air flow running in the opposite direction is defined 
as the backward flow air flow 5. 

A couple of heating resistors are placed in the intake air duct, aftd each of 
which is driven by the an independent drive circuit, respectively Though^ , 
Although a single drive circuit can drive both of the heating resistors theoretically, 
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there happens to be a thermal response delay with this configuration in which the 

frequency response for about 20 to 200Hz can not be established in a practical 
engine operation environment, and hence, the direction of the air flow can not be 
discriminated. This drive circuit is controlled in feedback mode by supplying the 
heating flow to the heating resistors so that the temperature difference between 
the heating resistors and the heat-sensitive resistors (the heating and heat- 
sensitive resistors generally shown as 2a. 2b, 3a. 3b) installed separately for 
measuring the intake air temperature may be maintained to bo at a constant 
value. Those two heating resistors are placed in the positions where the heated air 
flows aro intorforod interfere thermally with the heating resistors at the upper 
stream or the down stream of the air flow, respectively. When the forward flow air 
flow 4 occurs, the heat generated by the forward flow heating resistor 1 trios 
resistor tries to heat up the backward flow heating rooiotoro 2 resistor located in 
the down stream, and when the backward flow air flow occurs, the heat generated 
by the backward flow heating rooiotor 2 trioo resistor tries to heat up the forward 
flow heating rooiotor 1 located resistor located in the upper stream. With this 
configuration, for example, when the forward flow occurs, the heating flow for 
keeping the constant temperature difference between the backward flow heating 
resistor 2 and resistor and its corresponding heat-sensitive resistor can be less 
than the heating flow for the forward flow heating rooiotor 1 bocauoo resistor 
because the backward flow heating rooiotor 2 goto resistor gets the heat generated 
by the forward flow heating rooiotor 1 resistor . Thus, the comparison between the 
heating flows of those two heating resistors can toachoo teach the direction of the 
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air flow, forward flow or backward flow, and the air flow rate. 

Fig. 2 shows the characteristic of the air flow measurement, where the air 
flow rate is plotted with respect to the output signal from the heat resistors 
extended in the horizontal axis , each curve correspondin g . Each curve corresponds 
to the cases for forward flow and backward flow, respectively. As the output signal 
of the individual heating resistors fundamentally corresponds to the heating flow 
supplied to the individual heating resistors, when the forward flow occurs, the 
output signal of the forward flow heating resistor is larger, and the output signal of 
the backward flow heating resistor is smaller. Though the heating flow is so 
defined as shown above, the relationship in terms of the output signal voltage can 
be arbitrarily adjusted by the output control and by the zero span circuit composed 
together coupled with the drive circuit. 

Fig. 3 shows an example of the output signal characteristic of two heating 
resistors used in the heating resistor type air flow rate measuring apparatus of the 
present invention. In the present invention, when the forward flow occurs, the 
output signal characteristic of the heating resistor for the forward flow and the 
output signal characteristic of the heating resistor for the backward flow are 
adjusted so as to be approximately equivalent to each other. Thus, the output 
signals from two heating resistors when the forward flow occurs are identical to 
each other, but the difference between the output signals shown in Fig. 3 when the 
backward flow occurs is greater than the difference between the output signal 
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shown in Fig. 2. This can be explained as tho folio wings; follows: though the 

heating flow used in the case shown in Fig. 3 is the same as the heating flow in 

Fig. 2, the backward flow heating resistor gets the heat generated by the forward 

flow heating when the forward flow occurs, and the output signal of the backward 

flow heating resistor is amplified by the zero span circuit so as to make larger the 

sensitivity of the backward flow heating resistor to the air flow rate when the there 

is a generic output signal of the backward flow heating resistor. According to this 

output signal charactcriotico characteristic , the output signal can be corrected by 

the following formula 1 when the backward flow occurs. 

Vout = Vf-kx(Vr-Vf) + Voffset ...(1) 

where, Vout: the output signal of the heating resistor type air flow rate 
measuring apparatus after the backward flow correction, 

Vf: the output signal of the forward flow heating resistor, 
Vr: the output signal of the backward flow heating resistor, 
k: an arbitrary constant value, 

Voffset: an offset value for the output signal (defined if necessary), 

In the above formula, the term, kx(Vr - Vf) represents the correction term 
when the backward flow occurs. As the output signals of two heating resistors are 
the same when the forward flow occurs, the correction term is zero, and the output 
signal of the forward flow heating resistor is used. On the other hand, as the 
output signal of the backward flow heating resistor is higher when the backward 
flow occurs, the component due to the backward flow can be corrected. And 
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furthermore, by adding the constant value k to the difference between the output 

signals of the forward flow heating resistor and the backward flow heating 

resistor, a flexible correction can be done. The offset value for the output signal, 

Voffset, is defined if necessary. 

Fig. 4 shows an example of the circuit structure based on the formula 1. 
This circuit is composed of three operational amplifiers. Those operational 
amplifiers have their own functions. The output VI of OP1 is used for supplying 
the difference between the output signals of the forward flow heating resistor and 
the backward flow heating resistor (the term (Vr - Vf) in the formula 1). The 
output V2 of OP2 represents the multiplication of the output VI of OP1 and the 
constant value k defined by the ratio between Rl and R2. (kx(Vr - Vf) in the 
formula 1). The final output Vout of OP3 represents the summation of the output 
OP2, the output signal of the forward flow heating resistor and the offset value for 
the output signal as defined by the formula 1. In Fig. 3 Fig. 4 , the rectangular 
portion 38 defined with a broken line is an RC filter which is aimed to onablo to 
eliminate noises in the output signal and to allow the output value close to the 
average of the output signal corresponding to the amplitude of the pulsating flow 
to be read into the control unit without influence of the sampling timing. The RC 
filter may be imbedded into the signal input part of the engine control unit in the 
circuits of the heating resistor type air flow rate measuring apparatus. Though 
this circuit is basically composed of three operational amplifiers, it is possible to 
establish the equivalent circuit composed of two operational amplifiers by 
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reforming the formula 1. The detail detailed structure of the equivalent circuit is 

not shown here. 

Fig. 5 is the observation result of the pulsated flow wave forms in the 
pulsated operation region accompanying a backward flow in the heating resistor 
type air flow rate measuring apparatus of the present invention . The apparatus is 
mounted on the actual engine which and has the circuit structure shown in FIGS. 
1 and 4 and the output signal characteristic shown in Fig. 3. Two curves laying in 
the lower part of the chart roprooont represents the output signals of the forward 
flow heating resistor and the backward flow heating resistor, respectively, and the 
solid line curve roprooont represents the output signal of the heating resistor type 
air flow rate measuring apparatus of the present invention. The output signal of 
the heating resistor type air flow rate measuring apparatus according to the 
present invention is defined by the formula 1. For reference, the output signal 
generated by adding only the offset value to the output signal of the forward flow 
heating resistor is shown by the broken line. 

Referring to the output signals of the forward flow heating resistor and the 
backward flow heating resistor at first, the output signal of the forward flow 
heating resistor and the output signal of the backward flow heating resistor are 
almost the same when the forward flow occurs, but the output signal of the 
backward flow heating resistor is larger than the output signal of the forward flow 
heating resistor when the backward flow occurs. Those are output signal 
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characteristics in accordance with the output signal characteristics shown in Fig. 

3. And furthermore, referring to the final output signals, in comparison with the 

output signal generated by adding only the offset value to the output signal of the 

forward flow heating resistor, shown by the broken line, the output signal 

corrected with the backward flow component is almost equal to the output signal 

generated by adding only the offset value to the output signal of the forward flow 

heating resistor when the forward flow occurs, but smaller when the backward 

flow occurs , whic h . This means that the averaged output signal when the 

backward flow occurs can be mado to bo reduced. Thus, it is proved experimentally 

that the air flow rate measuring apparatus of the present invention can dotoctQ 

detect the backward flow, and that there is such an effect that the output signal of 

the forward flow heating resistor can be reduced when the backward flow occurs 

which is the primary object of the present invention. 

Fig. 6 is a block diagram of the heating resistor type air flow rate meter in 
another embodiment of the present invention. The basic structure of the block 
diagram in Fig. 6 which is almost the same as that in Fig. 1 , and tho . The specific 
difference from Fig. 1 is that a heater 6 is placed between a the couple of heating 
resistors 2a, 2b so that the thermal interference may be established between the 
heater 6 and the individual heating 2a, 2b resistors in otoad instead of exchanging 
heat directly between the two heating resistors. The reason why the structure 
shown in Fig. 6 is used is that, if the distance between two heating resistors is too 
short, the final output signal of the heating resistors is disturbed due to the heat 
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exchange between the heating resistors even in the single-directional air flow, 

flow. This resultantly , loading to tho leads to noise in the output signal of the 

heating resistor type air flow rate measuring apparatus. It is evident that the heat 

interference between the heat resistors can not be fully established and hence, the 

air flow direction can not be detected if two heat resistors are kept away from each 

other too much. 

Fig. 7 is a block diagram of the heating resistor type air flow rate meter and 
its output signal processing apparatus in another embodiment of the present 
invention. The basic structure of the block diagram in Fig. 7 which is almost the 
same as that in Fig. 1 , and tho . The specific difference from Fig. 1 is that the 
circuit of the heating resistor type air flow rate measuring apparatus only 
comprises a couple of heating resistors and the zero span circuit for their output 
signals, where two individual signals for the forward flow and the backward flow 
are supplied to the signal processing apparatus , and thoso . Those output signals 
are processed for the signal correction and the detection of the air flow direction by 
the signal process apparatus. In this embodiment, by enabling a part of the signal 
processing apparatus to operate as the signal processing function of the heating 
resistor type air flow rate measuring apparatus, there is such an advantage that 
the circuit structure of the heating resistor type air flow rate measuring apparatus 
itself can be simplified. 

Fig. 8 is a schematic structure structural diagram of the heating resistor 
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type air flow rate measuring apparatus of the present invention. The structure 

contains a circuit board 8 on which the zero span circuit and the signal processing 

circuit are integrated, a protector member including a housing member 9 and a 

cover member 10 for protecting the circuit board 8, sensor members including the 

heating resistors 2a, 2b and the sensing resistors 3a, 3b , conductive members 11 

for connecting electrically connecting between the sensor members and the circuit 

board, a supporting member for supporting the sensor members and the 

connecting members, a sub air route in which the heating resistors are placed, and 

a connector part 14 as intorfacoo which functions as an interface to the outside of 

the apparatus , and all of those . All of the members are configured as a single 

module. With tho The sensor part of the module and the sub air passage and 

other members are inserted in the penetration hole 16 of the body member 15 in 

which installed is a . A honeycomb lattice 17 is installed in the body member 15 for 

reducing the disturbance in the air flow comprising the main air passage in the 

intake air passage of the combustion engin e, the . The overall structure of the 

heating resistor type air flow rate measuring apparatus is so formed by fixing the 

module and the body with screws. 

Fig. 9 is the structure of the apparatus where the body member comprising 
the main air passage of the intake air passage is not formed ao a part as part of 
the heating resistor type air flow rate measuring apparatus, but rather is 
configured by using the intake air passage composite duct of the combustion 
engine. In this embodiment, what is used as the body member is the composite 
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member of the air cleaner 20 used for removing the dust in the air supplied into 

the engine. The body member is placed in the air flow at the down stream of the 

air cleaner element 22. By a A penetration hole 16 is formed in the air cleaner 

housing composition member formed with the duct 23 used as the main air 

passage ef for the heating resistor type air flow rate measuring apparatus as a 

single uni t, and thus . Thus , the single unit containing the heating resistor type air 

flow rate measuring apparatus and the air cleaner housing composition member 

20 is fixed with screws. According to this structure, by using the existing 

components, a heating resistor type air flow rate measuring apparatus without a 

newly-built body can be provided at low cost. 

Finally, referring to Fig. 1- 12, another embodiment of the present invention 
applied to the internal combustion 25 engine using an electronic fuel injection 
system is shown . 

The intake air 37 coming through the air cleaner 24 goes through the body 
of the heating resistor type air flow rate measuring apparatus 1, the intake duct 
25, the throttle body 28 and the intake manifold 29 having the injector 30 for 
injecting the fuel, and reaches the engine cylinder 32. The gas generated in the 
engine cylinder 33 is exhausted through the exhaust manifold 34. 

The air flow rate signal supplied by the circuit module of the heating 
resistor type air flow rate measuring apparatus, the throttle valve angle signal 
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supplied by the throttle angle sensor 27, the oxygen content signal supplied by the 

oxygen content sensor 35 installed in the exhaust manifold 34 and the engine 

rotation velocity signal supplied by the engine tachometer 31 are put into the 

control unit 36, where an optimal fuel injection amount and an optimal valve 

aperture are calculated and determined by using those signals, and the injector 30 

ad and the idol idle control valve 26 are controlled by using those calculated 

optimal values. 

Noxtly Next , the preferred embodiments related to the apparatus which can 
attain the second object of the present invention will be described in detail with 
reference to Figs. 13 to 18. 

Fig. 13 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to one embodiment of the present invention. The 
heating resistor type air flow rate measuring apparatus of the present embodiment 
is constructed by using air flow rate detecting parts 48, 58, characteristic adjusting 
circuits 61, 62, a cancelling means 90, a switching moans 51 circuit 91 , and a 
differential amplifier 71. 

In Fig. 13, the air flow rate detecting p€H?t parts 48, 58 are provided with 
Wheatstone bridge circuits comprising heating resistors 41, 51, air temperature 
detecting resistors 42, 52 and resistors 43, 44, 45, 53, 54, 55, and constant 
temperature control circuits comprising operational amplifiers 46, 56 and 
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transistors 47, 57 which supply a current to the Wheatstone bridge circuits and 

correct the resistance values of the heating resistors 41, 51 to be constant, in 

accordance with the value of the air temperature detecting resistors 42, 52. The 

pair of air flow rate detecting part parts 48 and 58 detect heating currents for the 

heating resistors 41 and 51 by using the resistors 43 and 53 for detecting the 

currents, respectively, and output a forward flow detection signal V2F and a 

backward flow detection signal V2R, respectively. The heating resistors 41 and 51 

each has have higher detection sensitivity with respect to either one of the forward 

flow and the backward flow. 

In other words, one air flow rate detecting part 48 detects the heating 
current necessary to heat the forward flow heating resistor 41 positioned in an air 
passage to the predetermined temperature as the forward flow detection signal 
V2F, and the other air flow rate detecting part 58 detects the heating current 
necessary to heat the backward flow heating resistor 51 installed in an air passage 
to the predetermined temperature as the backward flow detection signal V2R. 

The forward flow detection signal V2F and the backward flow detection 
signal V2R aa?e have their characteristics adjusted in — characteristic by 
characteristic adjusting circuits 61 and 62, respectively, and are output as a 
forward flow adjustment signal VOF and a backward flow adjustment signal VOR, 
respectively. After then that , these adjustment signals VOF and VOR are 
compared with each other by a comparater 69, and the larger signal is selected by 
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a switching circuit 70. Namely, a direction of air flow is determined by the 

comparison of the large and small signals of the forward flow adjustment signal 

VOF and the backward flow adjustment signal VOR in the comparater 69 or signal 

comparing means. 

Finally, a differential amplifier 71 inverses the voltage when the backward 
flow was is detected, amplifies a forward flow cancellation signal VOUTF or a 
backward flow cancellation signal VOUTR, which is an output signal VOUT, and 
outputs "flow flow rate signal VG including the component of the direction of air 
flow" flow . 

If the heating resistor 1 for resistor for detecting the forward flow and the 
heating resistor 11 for resistor for detecting the backward flow are thermally 
connected to each other, then the change in the heating current of each of the 
heating resistors has the a complimentary relationship. Further, the forward flow 
adjustment signal VOF and the backward flow adjustment signal VOR have 
differential mode noises of which phases is there are inverted with each other. 
Similarly to the prior art, if either one of these adjustment signals including the 
differential mode noises is selected and used as an output signal VOUT of the flow 
meter, then the output signal VOUT and the flow rate signal VG also include the 
noises. While the component of the differential mode noise can be eliminated by 
using a an attenuation method of attenuating , for example, by averaging the 
components of alternating currents of the forward and backward flow adjustment 
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signals, there is the problem in which the delay of detection becomes large due to 

the attenuation when the air flow was inverted. 

Accordingly, in the present invention, the noise can be eliminated without 
the delay of detection at the time when the air flow is inverted. Namely, in the 
embodiment of Fig. 13, the forward flow cancellation output signal VOUTF in 
which the component of the alternating current of the backward flow signal is 
added to the forward flow signal, is obtained from the forward flow adjustment 
signal VOF adjusted in characteristic by using one cancelling means or circuit 90a 
comprising resistors 63, 64 and a capacitor 65. The backward flow cancellation 
output signal VOUTR in which the component of the alternating current of the 
forward flow signal is added to the backward flow signal, is obtained from the 
backward flow adjustment signal VOR adjusted in characteristic by using the 
other cancelling means 50a comprising resistors 66, 67 and a capacitor 68. While 
the cancelling means 90 in the present embodiment is constructed by one 
cancelling means 90a and the other cancelling means 90b, it does not necessarily 
require both cancelling means. 

A switching means or circuit 91 comprising the signal comparing means or 
comparater 69 and the signal selecting means or switching circuit 70, inputs the 
forward and backward flow adjustment signals VOF and VOR adjusted in 
characteristic which are indicative of a forward and a backward direction of air 
flow, respectively, and controls the switching operation of the switch circuit 70. 
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Namely, the direction of the forward and backward flow is detected, the switching 

operation of the switching circuit 70 is performed, and the output signal VOUT 

(VOUTF or VOUTR) of which the noise was cancelled is output. It is possible to 

use the forward flow detection signal V2F and the backward flow detection signal 

V2R, instead of the adjustment signals VOF and VOR, respectively. 

As described above, it is possible to attenuate or cancel and eliminate the 
differential mode noise without a large detection delay of dotoction at the time 
when the air flow is inverted. 

To sum up, in the present invention, the component of the alternating 
current of the backward flow detection signal is added to the forward flow 
detection signal, and that of the forward flow detection signal is added to the 
backward flow detection signal. Namely, the circuit is constructed so as to cancel 
the differential mode noises included in two detection signals by adding the 
components of the alternating currents of the respective detection signals opposed 
to the forward flow detection signal V2F and the backward flow detection signal 
V2R to each other. 

In other words, if an air flow meter which can detect a backward flow is 
constructed by two air flow rate detecting parts each including a heating resistor, 
the two heating resistors thermally interfere with each other as they are thermally 
close to each other, the excess quantity of heat is transferred to the other heating 
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resistor as a heating current supplied to one heating resistor increases, and the 

heating current is decreased by the air flow rate detecting part on the side of the 

heating resistor suffered suffering from the excess quantity of heat. As a result, 

two heating current detection signals (detection signals V2F, V2R) include the 

noise components of which the phases are inverted. Accordingly, the present 

invention is constructed so as to eliminate the above noise components by adding 

the components of the alternating currents of the two heating current detection 

signals to each other. 

In the first embodiment, the cancelling means 90 further can include a 
signal selecting means for selecting either one of the forward flow cancellation 
output signal and the backward flow cancellation output signal. 

Fig. 14 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to another embodiment related to the second 
object of the present invention. The second embodiment will be explained. 

In the embodiment of Fig. 14, a differential amplifying circuit 95 comprises a 
circuit having an operational amplifier 76, resistors 63, 74, 75, 77 and a reference 
voltage VCM , which . The circuit 95 outputs a flow rate signal VG indicative of 
both the forward flow and the backward flow directions , in 32 which tho . The 
circuit is constructed so as to input the adjustment signal VOF or VOR selected by 
the switching circuit 70 switched by the output of the comparater 69, and output a 
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flow rate signal VG indicative of both directions of the forward and the backward 

flow and indicative of the reference voltage VCM when the flow rate is at zero (0) T 

ift. In addition to , the circuit 95 has a circuit having a resistor 64 and a capacitor 

65 for adding in advance only the component of the alternating current of the 

backward flow adjustment signal VOR. 

Namely, in this embodiment, only the component of the alternating current 
of the backward flow adjustment signal VOR is added to the forward flow 
adjustment signal VOF by an alternating current signal picking up pick-up means 
having the resistor 64 and the capacitor 65, in order to cancel the differential mode 
noises. In other words, the cancelling means, the switching means and the 
differential amplifier are formed integrally in the apparatus according to the 
present embodiment. 

According to the embodiment of Fig. 14, the differential mode noise of the 
forward flow adjustment signal VOF can be effectively decreased. Further, the 
differential mode noise of the backward flow adjustment signal VOR also can be 
decreased , which . This occurs when the heating resistor 41 for detecting the 
forward flow is thermally connected to the heating resistor 51 for detecting the 
backward flow, because the component of the alternating current within the range 
of the frequency defined by the circuit having the resistor 64 and the capacitor 65,, 
which acts as a noise filter* is cut off. 
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Further, if the output voltage of the apparatus shown in Fig. 14 is set to the 

reference voltage VCM when the flow rate is at zero, it is possible to operate the 

apparatus by a single power source for an automobile. 

In this embodiment, the delay of detection of the occurrence of the backward 
flow can be improved by correcting the original delay of response in the heating 
resistor type air flow rate measuring apparatus using equalizers 72, 73 provided at 
the previous stage of the comparater 69 for determining a direction of flow into 
which the forward and backward flow adjustment signals adjusted in 
characteristic are input. It should be appreciated that it is possible to provide the 
equalizers 72, 73 to other embodiments and, as well as to remove them. 

Fig. 15 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to a third embodiment of the present invention. 
The third embodiment will be explained with reference to Fig. 15. 

In the embodiment of Fig. 15, a differential amplifying circuit £6 96 
comprises a circuit having an operational amplifier 76, resistors 74, 75, 77, 78 and 
a reference voltage VC M, in which tho^ _The circuit is constructed so as to input the 
adjustment signal VOF or VOR selected by the switching circuit 70 switched by 
the output of the comparater 69, and output an output voltage indicative of the 
reference voltage VCM when the flow rate is at zerch-an d. The circuit 96 also 
includes a circuit having a resistor 67 and a capacitor 68. In this embodiment, the 
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phase of the component of the alternating current of the forward flow adjustment 

signal VOF is inverted by the circuit having the resistor 67 and the capacitor 68, 

and then the component of the alternating current with the inverted phase is input 

to the operational amplifier 76. The cancelling means, the switching means and 

the differential amplifier are formed integrally in the apparatus according to the 

present embodiment 

According to the embodiment of Fig. 15, the differential mode noise of the 
forward flow adjustment signal VOF can be decreased, which occurs when the 
heating resistors are thermally connected to each other, other. This is because the 
component of the alternating current within the range of the frequency defined by 
the circuit having the resistor 67 and the capacitor 68 which acts as a noise filter is 
cut off. The differential mode noise of the backward flow adjustment signal VOR 
also can be decreased. 

Fig. 16 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to a fourth embodiment of the present invention. 
The fourth embodiment will be explained with reference to Fig. 16. 

In Fig. 16, an air flow meter 80 or the heating resistor type air flow rate 
measuring apparatus is constructed by the air flow rate detecting parts 48, 58 and 
the characteristic adjusting circuits 61, 62. The forward and the backward flow 
adjustment signals VOF, VOR are transmitted from the air flow meter 80 to a fuel 
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injection amount control unit 81 for an internal combustion engine. The two 

adjustment signals VOF and VOR in the fourth embodiment are the same as the 

forward and the backward flow detection signals in a broad sense. 

a A signal comparing means 82, alternating current extracting means 83, 
84, signal adding means 85, 86 and a signal selecting means 87 are provided inside 
of the fuel injection amount control unit 81 of a fuel injection amount control 
system for an internal combustion engine. The fuel injection amount control unit 

81 produces the output signal VOUT including a directional component, and 
transmit the output signal VOUT to a signal processing means 88 as the 
information necessary to control the fuel injection amount. The signal processing 
means 88 processes the output signal VOUT and makes the flow rate signal VG. 

Accordingly, one cancelling means 90a comprises the alternating current 
extracting means 84 and the signal adding means 85, and the other cancelling 
means 90b comprises the alternating current extracting means 83 and the signal 
adding means 86. The switching means 91 comprises the signal comparing means 

82 and the signal selecting means 87. Namely, in.this embodiment, the switching 
means for selecting one of input signals or two adjustment signals and the 
cancelling means for adding the alternating current component of one input signal 
to the other input signal and adding that of the other input signal to one input 
signal and outputting the resultant signals, are provided in the fuel injection 
amount control unit 81 which is a semiconductor electronic circuit. 
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According to the embodiment of Fig. 16, it is possible to reduce the cost of a 
fuel injection amount control system, because the signal comparing means 82, the 
alternating current extracting means 83, 84, the signal adding means 85, 86, the 
signal selecting means 87 and so on can be integrated with into the fuel injection 
amount control unit 81, and it is possible to share the arithmetic unit for the fuel 
injection amount control unit 81 and the above-mentioned means. 

Fig. 17 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to a fifth embodiment of the present invention. 
This embodiment is different from the embodiment of Fig. 16 in that the heating 
resistor type air flow rate measuring apparatus is not installed integrally with the 
fuel injection amount control unit 81. 

A cancelling means 90 of Fig. 17 is the same as the circuit having the 
alternating current extracting means 83, 84 and the signal adding means 85, 86 
shown in Fig.16. Further, A switching means of Fig.17 is the same as the circuit 
having the signal comparing means 82 and the signal selecting means 87 shown in 
Fig.16. 

Further, in Fig.17, the heating resistor type air flow rate measuring 
apparatus shown in Fig. 13 is shown in blocks. Namely, the alternating current 
extracting means 83 of Fig.17 corresponds to the alternating current extracting 
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means having the resistor 67 and the capacitor 68 in Fig. 13. The alternating 

current extracting means 84 of Fig. 17 corresponds to the alternating current 

extracting means having the resistor 64 and the capacitor 65 in Fig. 13. The signal 

adding means 85 of Fig. 17 corresponds to the signal adding means having the 

resistor 63 and the connection part in Fig. 13. The signal adding means 86 of Fig. 17 

corresponds to the signal adding means having the resistor 66 and the connection 

part in Fig. 13. Still further, the signal comparing means 82 of Fig. 17 corresponds 

to the comparater 69 of Fig. 13, and the signal selecting means 87 the switching 

circuit 70 of Fig. 13. 

Fig. 18 is a circuit diagram showing a heating resistor type air flow rate 
measuring apparatus according to a sixth embodiment related to the second object 
of the present invention. In the embodiments of Figs. 13 to 18, while the apparatus 
including the characteristic adjusting circuits 61, 62, the differential amplifier 71 
and so on was explained as the heating resistor type air flow rate measuring 
apparatus or the air flow meter 80, it should be appreciated that the heating 
resistor type air flow rate measuring apparatus means the air flow rate detecting 
parts 48, 58 may be integrated with the cancelling means 90 in a narrow sense. 

Namely, such a heating resistor type air flow rate apparatus has a 
cancelling means for cancelling the differential mode noise components included in 
forward and backward flow detection signals by adding the alternating current 
component of the backward flow detection signal to the forward flow detection 
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signal and adding the alternating current component of the forward flow detection 

signal to the backward flow detection signal, in addition to means for detecting the 

forward flow detection signal V2F from the heating current necessary to heat the 

heating resistor for the forward flow installed in the air passage to the 

predetermined temperature and means for detecting the backward flow detection 

signal V2R from the heating current necessary to heat the heating resistor for the 

backward flow installed in the air passage to the predetermined temperature. 

In this case, the air flow rate signal VG can be obtained by using the 
forward flow cancellation output signal VOUTF and the backward flow 
cancellation output signal VOUTR which are output from the cancelling means. 

In a heating resistor type air flow rate measuring apparatus or air flow 
meter comprising an air flow rate detecting part and a characteristic adjusting 
circuit, it is also possible to provide the cancelling means 90 between the air flow 
rate detecting parts 48, 58 and the characteristic adjusting circuits 61, 62. 
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